In light of the opioid epidemic, physicians are increasingly prescribing non-opioid analgesics to surgical patients. Transient receptor potential vanilloid 1 (TRPV1) inhibitors are potentially alternative pain therapeutics for surgery. Here, we examined in rodents whether the cardioprotection conferred by two common procedures during surgery, a laparotomy or morphine delivery, is mediated by the TRPV1 channel. We further tested whether an experimental analgesic peptide (known as P5) targeted against the TRPV1 C-terminus region interferes with laparotomy-or morphine-induced cardioprotection.
Introduction
Opioids are the mainstay of analgesia in surgical patients. However, the associated social and economic impact of opioid abuse, addiction and overdoses are shifting how physicians approach pain control in the operating room. Opioid misuse is a leading public health concern in the United States (Kolodny et al., 2015; Rudd et al., 2016) , and trends of increasing opioid abuse and overdoses are developing in the European Union (Novak et al., 2016) . In the United Kingdom, opioid prescriptions rose 58% between 2000 and 2010 (Zin et al., 2014) and within this time frame, an increase in opioid-related deaths was also identified (Giraudon et al., 2013) . In response to this epidemic, utilizing non-opioid analgesics or adjuvants for surgery is becoming a favoured option (Savarese and Tabler, 2017) . In addition, finding non-opioid receptor targets and developing therapeutics to use in synergy with or to replace opioids for pain control remain an active focus for researchers.
The transient receptor potential vanilloid 1 (TRPV1) channel is a novel non-opioid target that has potential as a treatment for pain in surgical and non-surgical patients. TRPV1 is a nonspecific cation channel mediating responses to cellular stress including pain by gating calcium (Caterina et al., 1997) . Although initially discovered only in neurons, TRPV1 is broadly expressed in non-neuronal tissues including those found in the kidney, lung, heart and brain. Furthermore, TRPV1 activation reduces ischaemiareperfusion injury for these organs (Ueda et al., 2008; Muzzi et al., 2012; Wang et al., 2012; Hurt et al., 2016) . Therefore, since TRPV1 is widely expressed and when activated limits ischaemia-reperfusion injury, it is critical to identify whether inhibiting TRPV1 for pain relief may interfere with the agents or interventions physicians administer in the operating room which can decrease organ injury.
Commonly, in the operating room, patients receive opioids, and during surgery, an incision is performed by a surgeon. Previous work suggests that a type of incision to the abdomen (known as a laparotomy) reduces infarct size in rodent and canine models of myocardial ischaemia-reperfusion injury (Jones et al., 2009; Gross et al., 2011) . Here, we hypothesized that myocardial protection conferred by a laparotomy or morphine delivery is mediated by TRPV1. We used a rodent model of myocardial ischaemia-reperfusion injury to determine whether TRPV1 is important in mediating myocardial protection provided by either a laparotomy or opioid administration. We further investigated whether TRPV1 inhibitors, including the peptide P5, previously shown as an effective pain reliever experimentally (Valente et al., 2011) , and a classical TRPV1 inhibitor capsazepine may limit the cardiac protection afforded by a laparotomy or opioid.
Methods

Animals
Eight-to 10-week-old male Sprague-Dawley rats (250-300 g; Charles River, USA) were used in these studies. Rats were housed in the facility 1 week prior to the start of experiments to acclimatize them. All rats were housed in a temperature-, humidity-and light-controlled (12 h cycle) room under standard pathogen-free housing conditions. Up to three rats were housed in individually-ventilated cages with at least 2 cm of wood shavings as bedding and free access to food pellets and water. The study protocol was approved by the Animal Care and Use Committee at the Medical College of Wisconsin, Milwuakee, Wisconsin and Stanford University, Stanford, California (AAPLAC 22220). All studies conformed to the National Institutes of Health Guide for the Care and Use of Laboratory Animals (8th edition, 2011). Animal studies are reported in compliance with the ARRIVE guidelines (Kilkenny et al., 2010; McGrath and Lilley, 2015) . Sigma), the classical TRPV1 inhibitor, was dissolved in DMSO. Capsaicin (CAP) cream (0.1%; CVS Pharmacy, Woonsocket, Rhode Island, USA) was administered on the abdomen. The doses of morphine and capsazepine were determined from previous studies using our rodent myocardial ischaemia-reperfusion model (Gross et al., 2009; Small et al., 2015; Hurt et al., 2016) . P5 (3 mg·kg À1 i.v. bolus) was synthesized by our laboratory using a Liberty peptide synthesizer. Purity was determined at greater than 95% by HPLC. The P5 sequence, discovered and previously published by another research group, is part of the TRP domain, a highly conserved region of the C terminus adjacent to the inner pore ( Figure 1A ; Valente et al., 2011) . To allow for intracellular entry, the sequence was conjugated to the cell-penetrating peptide TAT 47-57 ( Figure 1B ). The peptide was dissolved in saline.
Pharmacological agents
Surgical preparation
The protocol for rodent preparation and cardiac ischaemiareperfusion experiments has been previously described in detail (Gross et al., 2013b; Small et al., 2015) . Surgical procedures were performed between 9:00 and 11:00 h during weekdays. Briefly, rats were anaesthetized with inactin (thiobutabarbital, 100 mg·kg À1 i.p.; Sigma), placed on a heating pad, and a tracheotomy was performed. Rats were ventilated (30 to 40 breaths·min À1 ; tidal volume, 8 mL·kg À1 ), and the ventilator was adjusted to maintain a normal pH (7.35 to 7.45) and end-tidal carbon dioxide (35 to 45 mmHg) by using a blood gas machine (Radiometer ABL-80; Radiometer America, Brea, CA, USA). Body temperature was monitored with a rectal thermometer (Thermalert TH-5; Physitemp Instruments, Clifton, NJ, USA) and maintained at 36 to 38°C by using heating pads and heat lamps. Catheters were placed in the carotid artery and jugular vein for measurement of systemic blood pressure, heart rate and blood gases and for administration of drugs or vehicle ( Figure 2A ). The heart was exposed by a left thoracotomy in the fourth intercostal space. The left anterior descending coronary artery was isolated, and a suture (6-0 prolene; Ethicon, Somerville, USA) was placed around it to induce ischaemiareperfusion. After surgical manipulation and adjustment of the ventilator settings based on blood gas analysis, rodents were allowed to stabilize for 30 min before initiation of the experimental protocol. The hearts were subjected to 30 min of left anterior descending coronary artery occlusion followed by 2 h of reperfusion. After reperfusion, the left anterior descending coronary artery was again occluded, and the heart was negatively stained for the area at risk by injection of patent blue dye (Sigma) through the internal jugular vein. The heart was then excised, both atria and the right ventricle were removed and the left ventricle was cut into five equal slices to create cross sections from apex to base. The slices were separated into normal zone and area at risk, both followed by incubation in 1% triphenyltetrazolium chloride (Sigma) to measure the viability of myocardial tissue. Viable tissue was stained red, while nonviable tissue remained unstained or white ( Figure 2B ). Infarct size as a percentage of area at risk (IS/AAR) and area at risk as a percentage of left ventricle size (AAR/LV) were determined gravimetrically. Heart rate, blood pressure and rate pressure product were monitored and calculated throughout the experimental protocol using a PowerLab monitoring system (MLS060/8 PowerLab 4/35; ADInstruments, Colorado Springs, CO, USA).
Experimental design
After surgical preparation and stabilization, rats were randomly assigned to different treatment groups involving either laparotomy studies ( Figure 2C ) or morphine studies ( Figure 2D ). In all groups, rats were subjected to 30 min of left anterior descending coronary artery occlusion followed by 2 h of reperfusion. Blinding was undertaken when possible in experiments and data analysis; however, it was not feasible to blind the operator with regard to performing or not performing a laparotomy.
In our first series, a laparotomy was performed. This was conducted by performing a 4 cm transverse skin incision via the abdominal midline of the rats with a scalpel similar to previously described protocols (Gross et al., 2013a,b) . Additionally, we applied topical capsaicin cream on the abdomen while performing a laparotomy or gave capsaicin cream alone. For subsets of these groups, the TRPV1 inhibitor capsazepine or the TRPV1 inhibitor P5 was given 10 min prior to an abdominal incision or alone 25 min prior to ischaemia.
For the morphine studies, morphine was administered 5 min prior to ischaemia. We also gave capsaicin cream and morphine together; with the capsaicin cream applied on the abdomen immediately followed by morphine administration. TRPV1 inhibitors capsazepine or P5 were also administered 10 min prior to morphine or alone 15 min prior to ischaemia.
Statistical analysis
Based on our previous studies and by using a power analysis with α = 0.05 and 80% power, a minimum of six experiments are required to detect at least a 15% difference in myocardial infarct size between groups (Gross et al., 2009) . All data are shown as mean ± SEM. Differences between groups in IS/AAR, AAR/LV and haemodynamic parameters were compared by a one-way ANOVA followed by Bonferroni correction for multiplicity. Statistical analysis was performed using GraphPad Prism 6 (GraphPad Software Inc., La Jolla, CA, USA). A P < 0.01 was considered statistically significant and denoted by * or # throughout the manuscript. The data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology (Curtis et al., 2015) .
Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www. guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY (Southan et al., 2016) , and are permanently archived in the Concise Guide to PHARMACOLOGY 2015/16 (Alexander et al., 2015a,b) .
Results
A total of 95 rats were used for 90 successful experiments. Three rats were excluded from the capsazepine alone group in the morphine studies secondary to intractable ventricular fibrillation during ischaemia. One rat in the P5 alone group of the laparotomy studies was excluded secondary to complications with the surgical preparation. One rat was excluded from the capsazepine plus morphine group secondary to inadequate release of the suture during reperfusion. For the completed studies, no statistical differences in haemodynamics including heart rate, blood pressure and rate pressure product occurred in any of the treatment groups (Table 1) . Peptide P5, a TRPV1 inhibitor. (A) Crystal structure of the TRPV1 subunit. P5 is a 12 amino acid sequence of the TRP domain, a highly conserved region in the receptor C terminus next to the TRPV1 inner pore-forming unit. (B) The P5 peptide was synthesized and conjugated to a partial TAT sequence consisting of amino acids 47-57 to allow for intracellular entry (Sweitzer et al., 2004) .
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A laparotomy performed prior to cardiac ischaemiareperfusion reduced myocardial infarct size versus untreated rodents [LAP, 44 ± 2%* vs. control (CON), 66 ± 1%; Figure 3A] . Interestingly, the infarct size reduction afforded by a laparotomy could be mimicked by applying capsaicin cream to the abdomen (CAP, 49 ± 1%* vs. CON, 66 ± 1%; Figure 3A) . When given together, the combination of an incision and capsaicin was not statistically different (LAP + CAP, 40 ± 2% vs. LAP, 44 ± 2%; Figure 3A) . No statistically significant differences in AAR/LV were noted for these treatment groups ( Figure 3B) .
Importantly, the administration of the TRPV1 inhibitor capsazepine or P5 blocked the protective effect of a laparotomy (LAP, 44 ± 2% vs. CPZ + LAP, 58 ± 1% # ; P5 + LAP, 65 ± 2% # ; Figure 4A ). Compared to control groups, no significant change in IS/AAR occurred when capsazepine or P5 was given alone. In addition, no statistically significant differences were noted in AAR/LV for the majority of these treatment groups when compared to control ( Figure 4B ). For the group receiving P5 plus laparotomy, the AAR/LV was significantly less when compared to the laparotomy group alone (LAP, 43 ± 2% vs. P5 + LAP, 34 ± 2% # ; Figure 4B ).
We next questioned whether morphine decreases myocardial injury through TRPV1 activation. morphine given prior to ischaemia reduced myocardial infarct size when compared to control (MOR, 37 ± 3% * , vs. CON 61 ± 2%; Figure 5A ). When morphine and capsaicin were given together, no further reduction in infarct size was seen compared Experimental protocol: (A) graphical description of the rat myocardial infarction protocol. (B) Representative heart staining for infarct size determination. First, the left anterior descending artery was again occluded and the area at risk was negatively stained by patent blue dye (left). After the left ventricle was sliced into equal cross sections, the tissue was stained by triphenyltetrazolium chloride where viable tissue turned red and nonviable infarcted tissue remained white (right). (C) Experimental protocol for laparotomy studies. After 30 min at baseline, all rats were subjected to 30 min of coronary artery occlusion followed by 2 h of reperfusion. In the laparotomy groups, rats were treated with LAP, CAP or LAP + CAP respectively 15 min prior to 30 min of ischaemia, labelled with a blue arrow in the figure. In a subset of groups, the TRPV1 inhibitor CPZ or P5 was administered 10 min prior to laparotomy or alone 25 min prior to ischaemia, labelled with a grey arrow. (D) Experimental protocol for morphine studies. MOR or MOR + CAP was administered 5 min prior to ischaemia, labelled with a red arrow in the figure. In a subset of groups, the TRPV1 inhibitor capsazepine or P5 was administered 10 min prior to morphine or alone 15 min prior to ischaemia, labelled with a grey arrow. BL, baseline; Isc, ischaemia; Rep, reperfusion.
to giving morphine alone (MOR + CAP, 43 ± 3%, vs. MOR, 37 ± 3%; Figure 5A ). No differences in AAR/LV were noted among these groups ( Figure 5B ).
When TRPV1 inhibitors capsazepine or P5 were given before morphine, the ability of morphine to decrease myocardial injury was blocked (MOR, 37 ± 3% vs. CPZ + MOR, Groups, number of animals per group (n) and haemodynamics acquired for the studies. HR, MAP and RPP (defined as the product of HR and systolic blood pressure) were assessed at baseline, during ischaemia and at 2 h of reperfusion. Data are presented as mean ± SEM (n = 6). No significant differences were found comparing each group to the respective control group. HR, heart rate; MAP, mean arterial pressure; n, number of animals per group; RPP, rate pressure product.
Figure 3
Laparotomy studies: laparotomy-induced reduction of myocardial infarct size is mediated by TRPV1. (A) IS/AAR for rats receiving a laparotomy, the TRPV1 activator capsaicin or a combination of both. Laparotomy or capsaicin reduces infarct size, and the combination of laparotomy and capsaicin induce no further reduction. (B) AAR/LV for corresponding experimental groups showed no statistically significant differences. n = 6 per group, *P < 0.01 versus CON.
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62 ± 3% # ; P5 + MOR, 58 ± 2% # ; Figure 6A ). No effect on myocardial infarct size was noted when either TRPV1 inhibitor was given alone. No significant differences were noted in AAR/LV for these treatment groups ( Figure 6B ).
Discussion
The importance of this study is that TRPV1 inhibitors may block organ-protecting mechanisms activated by common operating room procedures and drugs administered intraoperatively. For this study, we describe how TRPV1 activation is essential for laparotomy-or morphine-induced cardioprotection. Topical capsaicin (exclusively activating TRPV1 (Caterina et al., 1997) ) or an abdominal incision significantly reduced myocardial infarct size. The combinations of abdominal incision with topical capsaicin as well as intravenous morphine with topical capsaicin did not further decrease infarct size, respectively, suggesting both interventions mediate cardioprotection specifically through TRPV1.
Figure 4
Laparotomy studies: the administration of either TRPV1 inhibitor capsazepine (CPZ) or P5 blocked cardiac protection afforded by a laparotomy (LAP). (A) IS/AAR for rats receiving a laparotomy, a laparotomy combined with either capsazepine or P5, or capsazepine or P5 given alone. The administration of capsazepine or P5 eliminated cardiac protection generated by a laparotomy. No effect occurred when capsazepine or P5 were given alone. (D) AAR/LV for each corresponding experimental group. n = 6 per group, *P < 0.01 versus CON; #P < 0.01 versus LAP.
Figure 5
Morphine studies: morphine-induced reduction of myocardial infarct size is mediated by TRPV1. (A) IS/AAR for rats receiving morphine (MOR) or a combination of morphine and the TRPV1 activator capsaicin (CAP). Both morphine and the combination of morphine and capsaicin reduced infarct size. (B) AAR/LV for corresponding groups. n = 6 per group; *P < 0.01 versus CON.
Importantly, inhibiting TRPV1 via capsazepine or the peptide P5 abolished protection afforded by a laparotomy or morphine delivery. Previously, COX inhibitors emerged as promising analgesic alternatives. However, acetylsalicylic acid and COX-2 inhibitors were shown to inhibit ischaemic preconditioning-induced and opioid-induced benefits of the myocardium in experimental models (Shinmura et al., 2000 (Shinmura et al., , 2002 (Shinmura et al., , 2003 . Analysis of the celecoxib Long-term Arthritis Safety Study (CLASS) and vioxx Gastrointestinal Outcomes Research (VIGOR) clinical trials further demonstrated an increased myocardial infarction rate in patients taking COX-2 inhibitors when compared to a placebo group from a separate primary prevention trial (Mukherjee et al., 2001) . Since crosstalk exists between pain signalling pathways and cardioprotection, as shown in this example, the contribution of TRPV1 in mediating cardiac protection specifically and organ protection in general must be considered prior to developing nonnarcotic analgesics for clinical use that directly block TRPV1 channels.
Here, we describe how the peptide P5, which mitigates pain behaviour in rodents (Valente et al., 2011) , inhibits cardioprotection by either a laparotomy or intravenous opioid administration. Protein-protein interactions are involved in the coupling of the stimulus causing TRPV1 channel gating and these interactions can be blocked by peptides mimicking a specific binding epitope. For P5, a sequence of the TRPV1 domain located near the inner pore forming unit, blocking this region inhibits TRPV1 activation by capsaicin and pH in rat dorsal root ganglion neurons grown in vitro and capsacin-induced knee joint nociceptive fibre activation in mice (Valente et al., 2011) . Therefore, the ability of P5 to inhibit cardioprotection by a laparotomy or morphine raises concerns regarding the utility of TRPV1 inhibitors as pain relievers, particularly in people at risk for organ injury. Many TRPV1 inhibitors have not been tested to determine how they may affect organ protection. As general pathways of pain signalling and organ protection are interconnected, impairment of organ protection may be a pitfall of using these drugs as analgesics.
A laparotomy and opioid administration probably share common signalling pathways leading to cardioprotection, and TRPV1 is a major mechanism for both of these cardioprotective modalities. TRPV1 was previously identified in cardiac afferent nerves (Zahner et al., 2003) . In TRPV1 knockout mice using an isolated heart protocol, ischaemic preconditioning-induced protection is abolished compared to wild-type mice (Zhong and Wang, 2007) . These data suggest that the cardioprotective role mediated by TRPV1 is within the heart itself. If cardiac protection was neuron mediated, the ability for ischaemic preconditioning to reduce myocardial infarct size should not be abolished in an isolated heart model. We and others recently identified that TRPV1 is present and functional within the cardiac myocyte (Andrei et al., 2016; Hurt et al., 2016) . TRPV1 also modulates myocardial ischaemiareperfusion injury through the regulation of mitochondrial membrane potential (Hurt et al., 2016) . These findings indicate that TRPV1 within the cardiac myocyte acts as an end-effector and mediator of myocardial protection from ischaemia-reperfusion injury.
Although the mechanism of remote conditioning is complex, our previous study suggests that PKCγ and PKCε mediate laparotomy-induced cardioprotection (Gross et al., 2013b) . Further, an abdominal incision leads to translocation of PKCε from the cytosol to the membrane in the myocardium which is blocked in bradykinin receptor knockout mice (Jones et al, 2009) . In particular, the triggering of epoxyeicosatrienoic acids (EETs) plays an important role in mediating laparotomy-induced cardioprotection as part of the bradykinin pathway (Gross et al., 2013a) . The neuronal trigger and end effector for remote conditioning in addition to the possible interaction between TRPV1, EETs and the
Figure 6
Morphine studies: (A) IS/AAR for rats receiving morphine (MOR), morphine combined with either TRPV1 inhibitor capsazepine (CPZ) or P5, or capsazepine or P5 alone. Administration of TRPV1 inhibitors capsazepine and P5 eliminated cardiac protection generated by morphine. No effect occurred when capsazepine or P5 were given alone. (B) AAR/LV for corresponding experimental groups. n = 6 per group; *P < 0.01versus CON; #P < 0.01 versus morphine.
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PKC isozymes required for cardioprotection need further exploration.
Besides laparotomy, remote conditioning can be accomplished by a blood pressure cuff, femoral nerve stimulation or an abdominal incision (Heusch et al., 2015) . Remote preconditioning by a blood pressure cuff can be easily applied and is not harmful to a person. Although initial smaller studies examining remote preconditioning by a blood pressure cuff showed promising results in regard to cardioprotection (Hoole et al., 2009; Thielmann et al., 2013) , two larger clinical trials described no difference in outcomes between remote conditioning versus sham treatment in patients who underwent cardiac surgery (Hausenloy et al., 2015; Meybohm et al., 2015) . Among the rationale for these findings that remote conditioning may not be an effective cardioprotective strategy is the possibility that propofol blocks the remote conditioning signal. Further, multiple other cardioprotective agents including opioids and volatile anaesthetics are administered to patients which may have to be considered (Zaugg and Lucchinetti, 2015; Wagner et al., 2016) . It is also interesting to note that in patients who underwent percutaneous coronary intervention, morphine produced an additive effect with remote conditioning by a blood pressure cuff which reduced peak troponin I levels and achieved a greater percentage of ST-segment resolution compared to untreated patients or those who received remote conditioning (Rentoukas et al., 2010) . Further, remote conditioning significantly reduced major adverse kidney events at 90 days after cardiac surgery in patients at high risk for acute kidney injury (Zarbock et al., 2017) . Taken together, the clinical benefits of remote conditioning are relatively promising, and further research is needed on whether the mechanism of remote conditioning involves TRPV1.
In addition to the heart, the tissue-protective effects of remote conditioning exist in the brain, lung, kidney, intestine and skeletal muscle (Tapuria et al., 2008; Jensen et al., 2011; Er et al., 2012) . Therefore, inhibition of TRPV1 would likely affect endogenous protection in other organs. In the kidney, activation of TRPV1 ameliorates ischaemia-reperfusion induced acute kidney injury . Perivascular sensory nerve-mediated vasodilation was impaired in the mesenteric arteries of TRPV1 knockout mice (Wang et al., 2006) . Compared to wild-type mice, TRPV1 knockout mice also show enhanced local inflammation and acceleration of lipopolysaccharide-induced sepsis, indirectly causing organ damage (Fernandes et al., 2012) . Our findings we present here for the heart may have larger implications and maybe a mechanism in general for organ protection from ischaemiareperfusion injury.
Several potential limitations exist within our study. For the rat group that received both P5 and a laparotomy, the AAR/LV was significantly less when compared to the laparotomy group alone. However, a smaller AAR/LV tends to be associated with less infarct size, which likely underestimated rather than overestimated the effect of P5 blocking the laparotomy. Interspecies differences between rats and humans may lead to variability in cardioprotection by a laparotomy or morphine delivery. However, laparotomy-mediated cardiac protection is also effective in canines (Gross et al., 2011) . In addition, opioid-induced cardioprotection is reported in humans (Murphy et al., 2006; Wong et al., 2010) . Additionally, our group size was not powered to differentiate whether a combination of laparotomy with capsaicin may have had subtle additive effects. We speculate that with a larger cohort, these combinations of treatment strategies may perhaps gain significance when compared to the single treatment strategies tested. Further, although infarct size is significantly reduced in rodents receiving a laparotomy or morphine, we did not examine cardiac function for these studies. However, our model used does allow us to study cellular mechanisms involved during myocardial ischaemia-reperfusion injury and clearly suggests that infarct size reduction by morphine or laparotomy is mediated by a TRPV1-dependent CPZ, P5 
Figure 7
Summary figure: a laparotomy or morphine administration activates TRPV1 channels, which subsequently leads to a reduction in myocardial infarct size. The TRPV1 inhibitors capsazepine (CPZ) and P5 abolish cardioprotection induced by these two common perioperative procedures.
TRPV1 mediates cardioprotection BJP mechanism. Even with these potential limitations, our study likely has important implications for surgical patients.
It is also important to recognize that although low dose capsaicin (0.1%) applied to the abdomen reduces myocardial injury, a higher dose of capsaicin (such as the 8% capsaicin patch) causes cell death probably secondary to TRPV1-dependent calcium overload. Intravenous capsaicin administration also has a narrow therapeutic window to induce cardioprotection (Hurt et al., 2016) . In this respect, and when considering that TRPV1 inhibitors block organ protection, an alternative strategy for developing drugs against TRPV1 is to indirectly modulate protein interactions with TRPV1 instead of directly modifying TRPV1 itself. This is supported by recent evidence that a novel synthesized peptide, V1-cal, which inhibits the interaction of calcineurin with TRPV1, reduces pain in experimental pain models (McAllister et al., 2016) and reduces myocardial infarct size during ischaemiareperfusion injury (Hurt et al., 2016) .
In conclusion, a laparotomy or intravenous morphine reduces myocardial ischaemia-reperfusion injury via the TRPV1 channel. Blocking TRPV1 channels limits laparotomy-or morphine-induced cardioprotection. A schematic for the suggested signalling process leading to cardioprotection is shown in Figure 7 . This intriguing subject needs further study particularly with the increasing use of non-opioid analgesics during surgery and the current investment in developing TRPV1 inhibitors as pain therapeutics.
